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Abstract
Introduction
The main objective of the current study was to perform a comparison of point-of-care testing for
hemoglobin A1c (POCT-HbA1c) versus the standard laboratory method (Lab HbA1c) and their relationship
to time-in-range (TIR) and glucose variability (GV) among patients with diabetes mellitus (DM) presented to
the outpatient diabetes clinics.

Methods
This single-center cross-sectional study was carried out on diabetic patients (aged ≥14 years of both
genders) who undergo routine follow-up at our institution and whose physicians ordered HbA1c analysis for
routine care. The included patients were those using the intermittently scanned continuous glucose
monitoring (isCGM) Abbott’s FreeStyle Libre system for at least three months and regular CGM users with at
least 70% use.

Results
We included 97 diabetic patients (41 female and 56 male), with a median age of 25 years (Interquartile
range= 18) and a mean DM duration of 10.33±5.48 years. The mean values of Lab-HbA1c and POCT HbA1c
were 8.82%±0.85% and 8.53%±0.89%, respectively. The TIR, time below range, and time above range were
33.47±14.38 minutes (47.78%±14.32%), 5.44±2.58 minutes (8.41%±4.42%), and 28.8±8.27 minutes
(43.81%±13.22%), respectively. According to the Bland-Altman plot analysis, the POCT-HbA1c values are
consistent with the standard Lab-HbA1c values (SD of bias= 0.55, and 95% CI= -0.78 to 1.4). The univariate
linear regression analysis showed a statistically significant relationship between laboratory HbA1c and
POCT HbA1c (R2= 0.637, p <0.001), TIR (R2= 0.406, p <0.001), and GV (R2= 0.048, p= 0.032). After adjusting
for age, gender, disease duration, diabetes type, and percentage of sensor data in a multivariable linear
regression model, the linear associations remained significant (all p < 0.05).

Conclusion
The current findings show that TIR and GV can be used as endpoints and valuable parameters for the
therapy of DM.
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Introduction
Diabetes mellitus (DM) affects nearly 530 million people worldwide, and its prevalence is rapidly expanding,
especially in low- and middle-income countries (LMICs) [1]. Over half of all people with diabetes are
undiagnosed, and only one-third have good disease control. Individuals with untreated or uncontrolled DM
are more likely to develop long-term consequences and die prematurely because of cardiovascular and
infectious diseases (e.g., tuberculosis and COVID-19) [2-6].

With a regional incidence of 16.2% and the second-highest forecasted rise (86%) in the number of people
with DM, the Middle East and North African (MENA) area is estimated to have 136 million patients with DM
by 2045 [7]. Additionally, the MENA area has the most remarkable rate of mortality from DM (24.5%) [8].
According to a WHO survey, 14.4% of Saudi Arabians were estimated to have DM [9].

Glycated hemoglobin A1c (HbA1c) is a reference metric for the circulating blood glucose concentration
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across the lifecycle of the RBC [10], and it has a substantial predictive value for DM-related complications
[6,11,12]. In order to correctly adapt treatment, HbA1c monitoring is required. HbA1c is by far the most
reliable test of long-term glycemic control, according to the WHO [13]. However, it necessitates many visits,
delaying crucial therapy adjustment/intensification and decreasing long-term adherence to treatment [14].
The American Diabetes Association (ADA) guidelines of medical care advised doctors, nurses, as well as
diabetes educators to employ point-of-care testing (POCT) for HbA1c in 2021 in order to help patients get
timely medication modifications for improved glycemic control [11].

Time-in-range (TIR) is an appealing measurement that measures the proportion of time that an individual’s
blood glucose level stays within the recommended goal range of 3.9-10.0 mmol/L or 70-180 mg/dL [15,16].
TIR is a result of the efforts of diabetes specialists to identify a reliable criterion, further than HbA1c, to
evaluate glycemic control. The International consensus on TIR states that since it provides more useful
information than HbA1c alone, TIR, a pivotal and emerging metric generated from CGM, has been shown to
evaluate short-lived glycemic control [17]. It was determined that T1DM or T2DM patients should spend
>70% (16 hours, 48 minutes) of their day within the target range, whereas elderly or high-risk T2DM
individuals should spend >50% (>12 hours) [15]. Therefore, successful therapy should always aim to boost
TIR while lowering time-below-range (TBR).

Debate exists about the independent impact of glycemic variability on DM-related complications that go
beyond average glucose or HbA1c [18-21]. Glucose variability (GV) is troublesome, and prolonged or
recurrent episodes of hypoglycemia or hyperglycemia are very concerning from a therapeutic standpoint
[22]. In diabetic individuals, it is crucial to reduce GV and steer clear of spikes and troughs. Studies have
shown that POCT HbA1c readings may differ from laboratory HbA1c. As a result, treatment inefficiencies
may be caused by possible disparities between measured HbA1c and calculated HbA1c [23,24].

The concept of TIR and GV has challenged the traditional approach of employing HbA1c as a “one-size-fits-
all” screening tool for DM care. Therefore, in this cross-sectional study, we aimed to compare POCT HbA1c
and laboratory HbA1c, and their relationship to GV and TIR among patients with DM presented to the
Prince Sultan Military Medical City (PSMMC). 

A part of the study findings was previously presented as a poster at the American Association of Clinical
Endocrinology (AACE) Communities Middle East North Africa (MENA) on November 11-13, 2022 in Dubai,
United Arab Emirates.

Materials And Methods
Study design
We conducted this single-center cross-sectional study at the department of endocrinology and diabetes,
Diabetes Treatment Center, PSMMC, Riyadh. This study was carried out in accordance with the Helsinki
Declaration. The Research and Ethics Committee of PSMMC, Riyadh, Saudi Arabia approved the study
protocol (IRB approval No.# 1486). All participants gave oral and written consent after being fully briefed on
the objectives and methodology of the current study.

Eligibility criteria
We included patients who fulfilled the following criteria: (a) aged 14 years and older of both genders, (b) with
a diagnosis of T1D or T2D, (c) undergo routine follow-up at the outpatient diabetes center clinic
(appointments of PSMMC between May and December 2020), whose physicians ordered HbA1c analysis for
routine care, (d) using the intermittently scanned continuous glucose monitoring (isCGM) Abbott’s
FreeStyle Libre system for at least three months, (e) regular CGM users with at least 70% use, and (f) they or
their parents agreed to sign the written informed consent.

We excluded (a) patients whose date of hospital POCT HbA1c and laboratory HbA1c were not corresponding
to same-day visit, (b) patients who had post-bariatric surgery six weeks before Hb1Ac measure, (c) patients
with diabetic ketoacidosis admission within three months prior to Hb1Ac measure, and (d) patients with
diabetes duration less than one year.

Study objectives and data collection
The objectives of this study were (1) to compare same-visit POCT-HbA1c using the Cobas b 101 POC-HbA1c
measurements and Lab-HbA1c, and (2) to define the relationship between TIR, GV, and HbA1c levels (POCT-
HbA1c versus Lab HbA1c) as assessed by last 90 days of ambulatory glucose profile (AGP) metrics obtained
reports through the LibreView web-based diabetes management system. At the screening and data collection
visit, the following data were collected: (1) patient’s sociodemographic data, (2) clinical DM-related
characteristics, (3) HbA1c% (Lab HbA1c and POCT-HbA1c), (4) % of time sensor is active, (5) GV, (6) TIR (70-
180 mg/dL), and time above range (TAR), and TBR.

Statistical analysis
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The study’s data were analyzed using the SPSS for Windows version 28. Descriptive analysis for quantitative
data included mean and SD for normally distributed variables. When normal distribution was violated, the
median and interquartile range were used instead of the mean and SD. For qualitative categorical variables,
frequency and percentage were applied. In terms of comparative analysis for quantitative normal distributed
variables, a t-test for two independent variables and ANOVA were used. Nonparametric tests such as the
Mann-Whitney U and Kruskal Wallis tests were applied for not normally distributed variables. When
appropriate, the Chi-square test or Exact test was applied for categorical qualitative data. The Pearson
correlation coefficient (r) was used to perform the associations between the quantitative variables. Through
the use of a Bland-Altman analysis, the 95% CI limits of agreement between the two HbA1c measurement
techniques (POCT-HbA1c and Lab-HbA1c) in the same patients were obtained (GraphPad Prism 7.04, MD,
USA).

After adjusting for relevant clinical characteristics such as patients’ age, gender, DM type, disease duration,
and treatment modality, the linear regression analysis was utilized to investigate the relationship between
HbA1c (dependent variable) and TIR and GV. P-value ≤ 0.05 was considered significant. The endpoints of the
present study were: (a) the level of agreement between laboratory-measured and POCT-HbA1c was assessed
by Pearson correlation coefficient and Bland-Altman analysis, and (b) the correlation between HbA1c
(POCT-HbA1c and Lab HbA1c), TIR, and GV was assessed by the Pearson correlation coefficient.

Results
Characteristics of the patients
Of the screened 117 patients, 97 diabetic patients were included in the current study. Most of the patients
were males (n=56, 57.7%), with T1DM (n=71, 73.2%), and using multiple daily injection (MDI) insulin
therapies (Table 1). 

Characteristics  Value

Age (Year) Mean ± SD 29.75 ±13.55

Gender, n (%)
Female 41 42.30%

Male 56 57.70%

Duration of diabetes (Years) Mean ± SD 10.33 ± 5.48

Type of Diabetes, n (%)
Type 1 Diabetes 71 73.20%

Type 2 Diabetes 26 26.80%

Treatment Modality, n (%)

Basal insulin plus OHA 5 5.15%

Basal insulin plus GLP-1 4 4.12%

Basal insulin plus OHA plus GLP-1 1 1.03%

OHA plus MDI 4 4.12%

MDI 56 57.73%

MDI plus GLP-1 plus basal insulin 1 1.03%

Premixed Insulin analogs 9 9.28%

Premixed Insulin plus GLP-1 4 4.12%

Insulin pump 13 13.40%

 

TABLE 1: Baseline demographic and DM-related characteristics among the study population.
GLP-1: Glucagon-like peptide-1; OHA: Oral antihyperglycemic agent; MDI: Multiple daily injections insulin therapy.

The mean age of the included patients was 29.75±13.55 years, with a mean DM duration of 10.33±5.48 years.
The mean values of Lab-HbA1c and POCT HbA1c were 8.82%±0.85% and 8.53%±0.89%, respectively.
Meanwhile, the mean value of % time sensor is active, and GV was 84.78±5.91 and 33.87±7.77. The TIR, TBR,
and TAR were 33.47±14.38 minutes (47.78%±14.32%), 5.44±2.58 minutes (8.41%±4.42%), and 28.8±8.27
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minutes (43.81%±13.22%), respectively. HbA1c and flash glucose monitoring (FGM) measures among the
study population are shown in Table 2.

Variable Mean±SD

Lab-HbA1c (%) 8.82±0.85

POCT HbA1c (%) 8.53±0.89

 % Time Sensor is Active 84.78±5.91

Glucose variability 33.87±7.77

Time in range

     Minute 33.47±14.38

     % 47.78±14.32

Time below range

     Minute 5.44±2.58

     % 8.41±4.42

Time above range

     Minute 28.8±8.27

     % 43.81±13.22

TABLE 2: Glycated hemoglobin A1c (HbA1c) and flash glucose monitoring (FGM) measures
among the study population.
POCT-HbA1c: Point-of-care testing for hemoglobin A1c; Lab-HbA1c: Laboratory glycated hemoglobin A1c.

Correlation analysis
We assessed the level of agreement between laboratory-measured and POCT HbA1c (r=0.798, 95% CI: 0.712
to 0.861). According to the Bland-Altman plot analysis, the HbA1c measurements by the POCT are in line
with the standard laboratory method for HbA1c testing (Bias=0.30, SD of bias=0.55, and 95% CI: -0.78 to 1.4)
(Appendix 1).

As shown in Table 3 and Figure 1, we observed significant positive associations between laboratory HbA1c
and TAR (p<0.001), TBR (p=0.001) and GV (p=0.032), as well as significant negative correlations between
laboratory HbA1c and TIR (p<0.001), and % time sensor is active (p=0.008). Similar substantial positive
associations were found between POCT-HbA1c and TAR (p<0.001), TBR (p=0.004), and GV (p=0.006), as well
as significant negative correlations between POCT-HbA1c and TIR (p<0.001) and % time sensor is active
(p=0.015). 
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 TIR TAR TBR GV % Use

Lab-HbA1c

Correlation coefficient (r) -0.637 0.58 0.329 0.218 -0.268

Lower Limit of 95% CI -0.742 0.431 0.138 0.02 -0.444

Upper Limit of 95% CI -0.502 0.699 0.496 0.4 -0.073

P-value <0.001 <0.001 0.001 0.032 0.008

POCT-HbA1c

Correlation coefficient (r) -0.503 0.446 0.293 0.28 -0.247

Lower Limit of 95% CI -0.638 0.271 0.1 0.085 -0.425

Upper Limit of 95% CI -0.337 0.593 0.466 0.454 -0.05

P-value <0.001 <0.001 0.004 0.006 0.015

TABLE 3: The correlation between HbA1c (POCT-HbA1c versus Lab HbA1c), TIR, and GV.
POCT-HbA1c: Point-of-care testing for hemoglobin A1c; Lab-HbA1c: Laboratory glycated hemoglobin A1c; TIR: Time-in-range; GV: Glucose variability;
TAR: Time above range; TBR: Time below range.

FIGURE 1: Scatter plot of the correlation between (a) Lab-HbA1c, TIR,
and GV and (b) POCT-HbA1c, TIR, and GV.
POCT-HbA1c: Point-of-care testing for hemoglobin A1c; Lab-HbA1c: Laboratory glycated hemoglobin A1c; TIR:
Time-in-range; GV: Glucose variability.

Regression analysis
The univariate linear regression analysis showed a statistically significant relationship between laboratory
HbA1c and POCT HbA1c (R2=0.637, p <0.001), TIR (R2= 0.406, p <0.001), and GV (R2= 0.048, p= 0.032).
Furthermore, after adjusting for age, gender, disease duration, diabetes type, and percentage of sensor data
in a multivariable linear regression model, the linear associations remained significant (all p < 0.05), as
shown in Table 4.
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Model Parameters R R2 Adj R2 Standardize β B (95% CI) P-value

Unadjusted

POCT-HbA1c 0.798 0.637 0.633 0.798 (0.645 – 0.880) <0.001

TIR 0.637 0.406 0.400 -0.637 (-0.047 - -0.208) <0.001

GV 0.218 0.048 0.038 .218 (0.002 – 0.046) 0.032

Adjusted Module 1

POCT-HbA1c 0.803 0.644 0.633 0.814 (0.658 – 0.898) <0.001

TIR 0.641 0.411 0.392 -0.635 (-0.047 - -0.028) <0.001

GV 0.231 0.054 0.023 0.219 (0.001 – 0.047) 0.045

Adjusted Module 2

POCT-HbA1c 0.806 0.650 0.639 0.808 (0.655 – 0.889) <0.001

TIR 0.645 0.416 0.397 -0.645 (-0.048 - -0.029) <0.001

GV 0.251 0.063 0.033 0.260 (0.005 – 0.051) 0.016

Adjusted Module 3

POCT-HbA1c 0.808 0.652 0.637 0.795 (0.638 – 0.881) <0.001

TIR 0.645 0.416 0.390 -0.652 (-0.049 - -0.028) <0.001

GV 0.342 0.117 0.079 0.225 (0.002 - -0.04) 0.032

TABLE 4: Linear and multivariate regression analyses for the association among laboratory
HbA1c, POCT-HbA1c, TIR, and GV.
The dependent variable is laboratory HbA1c, and the independent variables are TIR, GV, and POCT- HbA1c. Module 1 was adjusted for age and gender.
Module 2 was adjusted for all variables in Model 1, plus the duration of DM and type of diabetes. Module 3 was adjusted for all variables in Model 2, plus
the percentage of sensor data.

POCT-HbA1c: Point-of-care testing for hemoglobin A1c; Lab-HbA1c: Laboratory glycated hemoglobin A1c; TIR: Time-in-range; GV: Glucose variability.

Discussion
Our study findings showed that the clinical standards of accuracy are met by the Lab-HbA1c and POCT-
HbA1c agreements. In addition, we observed that a better HbA1c value (lower value) is associated with a
higher percentage of TIR, less TBR, and less GV.

Berbudi A et al. reported similar findings, revealing that the POCT-HbA1c and Lab-HbA1c were within the
range of the agreement values. They came to the conclusion that POCT-HbA1c is a promising approach to
screening and monitoring DM, particularly when a quick result is required [25]. Moreover, in non-diabetic
obese patients, van Raalten F et al. showed similar results [26]. Recent experience data from PSMMC hospital
demonstrated that POCT-HbA1c enhanced patient compliance with the therapist’s recommendations for the
HbA1c test and increased satisfaction [27].

HbA1c may be linked to several CGM variability indicators since A1C is a weighted average of glucose
exposure over the previous 2-3 months (mainly calculated from up to 2 weeks of data) [28]. Whether
increased mean blood glucose is linked to significant variations will affect how glycemic control is improved.
Modifications to the typical diet, medication schedule, or both are necessary for postprandial hyperglycemia
treatment to be effective. For example, large meals that are high in rapidly absorbed carbohydrates and poor
in dietary fiber can significantly raise postprandial blood sugar levels [29,30]. Large daily variations in blood
glucose are frequently attributed to erratic eating or activity patterns and, sometimes, to skipping a pre-meal
insulin bolus or administering insulin following meals. These issues should be addressed before making
treatment modifications, like increasing the quantity of insulin.

Although POCT testing is not recommended to diagnose prediabetes or DM, it may offer fast access to
HbA1c data at the patient visit, which is advantageous for monitoring glycemic control in healthcare
settings. In addition, by improving clinical decision-making and enhancing patient-provider engagement,
immediate patient input about A1C results during patient visits may improve glycemic control. An
alternative, while less practical, is for diabetic patients to have blood drawn a few days before the
appointment so that lab-HbA1c testing may be performed and the results are accessible during the visit [31-
33].

Uncertainty exists about the impact of glucose level variations over a day or between days (based on CGM
data or intermittent fingerstick blood glucose measurements). Due to the production of free radicals that
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have been linked to endothelial damage and the development of atherosclerotic plaques, GV has potential
clinical ramifications. It has been proposed that managing short-term GV and chronic hyperglycemia may
protect against microvascular and macrovascular complications [34,35]. The Diabetes Control and
Complications Trial (DCCT) data analysis, however, was unable to demonstrate that intraday blood GV
contributed to the emergence of microvascular complications in addition to the impact of mean blood
glucose [36]. Reduced short-term GV may positively impact the onset and progression of micro- and
macrovascular DM-related complications, although more evidence is still required to support this claim. In a
previous study, short-term GV was linked to a higher rate of hypoglycemia [36]. Therefore, smoother
glycemic control or avoiding significant spikes or falls in glucose levels would seem to be a desirable goal for
all diabetic patients.

Experts in the field of DM have been working to move the emphasis away beyond HbA1c alone and toward a
statistic that is more patient- and glucose-centric. As CGM has gained popularity, TIR is becoming the main
indicator for evaluating DM-related complications. Previous evidence documented that individuals with
T1DM and T2DM experience a 0.5% drop in HbA1c with every 10% increase in TIR [37,38]; this is in line with
our findings. Beck RW et al. significantly showed that patients with T2DM receiving MDI of insulin had an
improvement of their TIR to about 61% compared to 55.6% after four months of the initiation of CGM [39].
In a mixed T1DM/T2DM cohort, a meta-analysis published in 2019 found that for every 10% change in TIR,
there was a 0.8% change in HbA1c. The authors concluded that %TIR has promise as a preferred measure for
identifying clinical trial endpoints, estimating the likelihood of DM-related complications, and gauging a
patient’s glycemic condition [37].

TIR was linked to improved clinical outcomes, even in the non-diabetic range [12]. In addition, previous
studies have linked TIR to the risk factors and consequences of DM. These arguments backed the importance
of % TIR as a glycemic control assessment outcome [40].

TIR has been employed in several trials to gauge glycemic control while assessing the effectiveness of
various T2D management regimens. TIR was effectively used by Gal R et al. to evaluate the viability of
remote CGM start in seven patients with T2DM [41]. In 124 patients with T2DM receiving MDI, the impact of
liraglutide on blood sugar control was investigated in a recent trial [42]. Increased time has been spent at the
“target blood glucose level,” and less time has been spent at the “very high glucose level” in the liraglutide
therapy group. To treat the dawn phenomenon in patients with T2DM utilizing TIR, Zheng X et al.
demonstrated the effects of moderate-intensity aerobic activity prior to breakfast. The intervention
increased TIR from 83.5 ± 15.41% before exercise to 90.75 ± 12.27% after exercise [43].

A 12-week randomized controlled trial on 97 patients with uncontrolled T2DM used the changes in TIR and
GV as a metric to examine the benefits of dapagliflozin and gliclazide modified release. TIR rose by about
17.4% in the group receiving gliclazide MR and 25% in the group receiving dapagliflozin. GV, as determined
by the %CV, substantially improved in the gliclazide MR group by 3.8% but did not vary in the dapagliflozin
group. HbA1c in neither group changed significantly from the starting point. The research identified %TIR
as a potential indicator for comparing two diabetic therapeutic medications [44]. However, using POCT
devices in diabetes outpatient clinic enables medical professionals to provide timely medication
adjustments for improved glycemic control [14].

In adult patients with T1DM, there was a significant association between TIR and glucose management
indicator (GMI). The interaction between TIR and GMI was impacted by GV, as reported by Peng HM et al.
[45]. The iProTM2 sensor was used in another study that analyzed results from 91 sensors, together with
demographic and clinical data, to verify the GMI formula in adults with T1DM. The link between Lab-HbA1c
and GMI was influenced by GV [46].

The main drawback of the current study is the relatively small sample size from a single center (PSMMC),
which may have hampered the study’s generalizability. Thus, a multicenter study with a larger sample size is
warranted to confirm our findings. In addition, the research results may have been compromised by the
relatively limited HbA1c range since the absence of lower HbA1c data might skew the degree of the
agreement since such individuals often exhibit a wide range of glucose readings with unreported
hypoglycemia episodes. Another limitation was that most of the included patients were of T1DM; thus, it is
unclear if TIR and GV may be connected to T2DM risks apart from the other therapeutic goals. This should
be considered in future research.

Conclusions
The concept of TIR and GV has challenged the traditional approach of employing HbA1c as a “one-size-fits-
all” screening tool for DM care. The usefulness of TIR and GV in clinical practice and clinical trials for the
therapy of T1DM has been investigated. A few studies have convincingly shown the promise of TIR as a
patient-centric indicator for glycemic control in patients with T2DM. Despite having similar objectives,
T1DM and T2DM have different clinical/biochemical patterns and demographic predominance. The current
findings show that TIR and GV can be used as endpoints and valuable parameters for the therapy of DM.
Future research is necessary to get a clear picture of how TIR affects the treatment and the onset and
progression of associated comorbidities.
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Appendices
Appendix 1 

FIGURE 2: Scatter plot of the correlation between Lab-HbA1c and POCT-
HbA1c.
POCT-HbA1c: Point-of-care testing for hemoglobin A1c; Lab-HbA1c: Laboratory glycated hemoglobin A1c.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Research and Ethics
Committee of Prince Sultan Military Medical City (PSMMC), Riyadh issued approval IRB No.# 1486. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
The authors thank the study participants for their participation. We would like to thank RAY-CRO for the
editorial support, which is funded by Roche Diagnostics Saudi Arabia.

References
1. International Diabetes Federation Diabetes Atlas 9th edition . (2019). Accessed: October 28, 2021:

https://diabetesatlas.org/atlas/ninth-edition/.
2. Fleming KA, Horton S, Wilson ML, et al.: The Lancet Commission on diagnostics: transforming access to

diagnostics. Lancet. 2021, 398:1997-2050. 10.1016/S0140-6736(21)00673-5
3. Restrepo BI: Diabetes and tuberculosis . Understanding the Host Immune Response Against Mycobacterium

tuberculosis Infection. Venketaraman V (ed): Springer, Cham; 2018. 1-21. 10.1007/978-3-319-97367-8_1
4. Ebada MA, Wadaa-Allah A, Bahbah E, Negida A: An updated review on COVID-19 . Infect Disord Drug

Targets. 2021, 21:e160921189190. 10.2174/1871526520666201216165322
5. Abdelgawad HA, Sayed A, Munir M, et al.: Clinical review of COVID-19; pathogenesis, diagnosis, and

management. Curr Pharm Des. 2021, 27:4232-4244. 10.2174/1381612826666201222162509
6. Abdelhaleem IA, Salamah HM, Alsabbagh FA, Eid AM, Hussien HM, Mohamed NI, Ebada MA: Efficacy and

safety of imeglimin in patients with type 2 diabetes mellitus: a systematic review and meta-analysis of
randomized clinical trials. Diabetes Metab Syndr. 2021, 15:102323. 10.1016/j.dsx.2021.102323

7. International Diabetes Federation IDF Diabetes Atlas 7th edition . (2015). Accessed: October 28, 2021:
https://diabetesatlas.org/atlas/seventh-edition/.

8. Middle East and North Africa diabetes report 2000 — 2045 . (2022). Accessed: December 12, 2022:
https://diabetesatlas.org/data/en/region/4/mena.html.

9. World Health Organization. Diabetes Saudi Arabia 2016 country profile . (2016). Accessed: June 4, 2021:

2023 Al Hayek et al. Cureus 15(1): e33416. DOI 10.7759/cureus.33416 8 of 10

https://assets.cureus.com/uploads/figure/file/508139/lightbox_9743d6c075fb11eda62fbf1450bb397e-Fig.-2-Mod.png
https://diabetesatlas.org/atlas/ninth-edition/
https://diabetesatlas.org/atlas/ninth-edition/
https://dx.doi.org/10.1016/S0140-6736(21)00673-5
https://dx.doi.org/10.1016/S0140-6736(21)00673-5
https://dx.doi.org/10.1007/978-3-319-97367-8_1
https://dx.doi.org/10.1007/978-3-319-97367-8_1
https://dx.doi.org/10.2174/1871526520666201216165322
https://dx.doi.org/10.2174/1871526520666201216165322
https://dx.doi.org/10.2174/1381612826666201222162509
https://dx.doi.org/10.2174/1381612826666201222162509
https://dx.doi.org/10.1016/j.dsx.2021.102323
https://dx.doi.org/10.1016/j.dsx.2021.102323
https://diabetesatlas.org/atlas/seventh-edition/
https://diabetesatlas.org/atlas/seventh-edition/
https://diabetesatlas.org/data/en/region/4/mena.html
https://diabetesatlas.org/data/en/region/4/mena.html
https://www.who.int/publications/m/item/diabetes-sau-country-profile-saudi-arabia-2016


https://www.who.int/publications/m/item/diabetes-sau-country-profile-saudi-arabia-2016.
10. Lenters-Westra E, Schindhelm RK, Bilo HJ, Slingerland RJ: Haemoglobin A1c: historical overview and

current concepts. Diabetes Res Clin Pract. 2013, 99:75-84. 10.1016/j.diabres.2012.10.007
11. American Diabetes Association: 6. Glycemic targets: standards of medical care in diabetes-2021 . Diabetes

Care. 2021, 44:S73-S84. 10.2337/dc21-S006
12. Ebada MA, Fayed N, Fayed L, et al.: Efficacy of alpha-lipoic acid in the management of diabetes mellitus: a

systematic review and meta-analysis. Iran J Pharm Res. 2019, 18:2144-2156. 10.22037/ijpr.2019.1100842
13. World Health Organization. ( 2010) . Package of essential noncommunicable ( PEN)  disease interventions for

primary health care in low-resource settings. (2010). Accessed: July 10, 2022:
https://www.who.int/publications/i/item/9789241598996.

14. Schnell O, Crocker JB, Weng J: Impact of HbA1c testing at point of care on diabetes management . J Diabetes
Sci Technol. 2017, 11:611-617. 10.1177/1932296816678263

15. Battelino T, Danne T, Bergenstal RM, et al.: Clinical targets for continuous glucose monitoring data
interpretation: Recommendations from the international consensus on time in range. Diabetes Care. 2019,
42:1593-1603. 10.2337/dci19-0028

16. Advani A: Positioning time in range in diabetes management . Diabetologia. 2020, 63:242-252.
10.1007/s00125-019-05027-0

17. Guo QY, Lu B, Guo ZH, et al.: Continuous glucose monitoring defined time-in-range is associated with
sudomotor dysfunction in type 2 diabetes. World J Diabetes. 2020, 11:489-500. 10.4239/wjd.v11.i11.489

18. Bergenstal RM, Beck RW, Close KL, et al.: Glucose management indicator (GMI): a new term for estimating
A1C from continuous glucose monitoring. Diabetes Care. 2018, 41:2275-2280. 10.2337/dc18-1581

19. Cavalot F: Do data in the literature indicate that glycaemic variability is a clinical problem? Glycaemic
variability and vascular complications of diabetes. Diabetes Obes Metab. 2013, 15 Suppl 2:3-8.
10.1111/dom.12140

20. Suh S, Kim JH: Glycemic variability: how do we measure it and why is it important? . Diabetes Metab J. 2015,
39:273-282. 10.4093/dmj.2015.39.4.273

21. Standl E, Schnell O, Ceriello A: Postprandial hyperglycemia and glycemic variability: should we care? .
Diabetes Care. 2011, 34 Suppl 2:S120-S127. 10.2337/dc11-s206

22. Molnar GD, Taylor WF, Ho MM: Day-to-day variation of continuously monitored glycaemia: a further
measure of diabetic instability. Diabetologia. 1972, 8:342-348. 10.1007/BF01218495

23. Mialon F, Catargi B, Rami L, et al.: [Biomarkers in diabetes mellitus: contributions and discrepancies of new
technologies. A case report]. Ann Biol Clin (Paris). 2021, 79:445-451. 10.1684/abc.2021.1680

24. Lenters-Westra E, Slingerland RJ: Three of 7 hemoglobin A1c point-of-care instruments do not meet
generally accepted analytical performance criteria. Clin Chem. 2014, 60:1062-1072.
10.1373/clinchem.2014.224311

25. Berbudi A, Rahmadika N, Tjahjadi AI, Ruslami R: Performance of point-of-care testing compared with the
standard laboratory diagnostic test in the measurement of HbA1c in Indonesian diabetic and nondiabetic
subjects. J Diabetes Res. 2020, 2020:2037565. 10.1155/2020/2037565

26. van Raalten F, Hiemstra YL, Keulen N, van Duivenvoorde Y, Stoecklein K, Verhagen EA, Boer C: Level of
agreement of point-of-care and laboratory HbA1c measurements in the preoperative outpatient clinic in
non-diabetic patients who are overweight or obese. J Clin Monit Comput. 2019, 33:1139-1144.
10.1007/s10877-019-00255-6

27. Al Hayek AA, Al-Saeed AH, Alzahrani WM, Al Dawish MA: Assessment of patient satisfaction with on-site
point-of-care hemoglobin A1c testing: an observational study. Diabetes Ther. 2021, 12:2531-2544.
10.1007/s13300-021-01126-7

28. Borg R, Kuenen JC, Carstensen B, et al.: Associations between features of glucose exposure and A1C: the
A1C-Derived Average Glucose (ADAG) study. Diabetes. 2010, 59:1585-1590. 10.2337/db09-1774

29. Vlachos D, Malisova S, Lindberg FA, Karaniki G: Glycemic index (GI) or glycemic load (GL) and dietary
interventions for optimizing postprandial hyperglycemia in patients with T2 diabetes: a review. Nutrients.
2020, 12:10.3390/nu12061561

30. Papakonstantinou E, Oikonomou C, Nychas G, Dimitriadis GD: Effects of diet, lifestyle, chrononutrition and
alternative dietary interventions on postprandial glycemia and insulin resistance. Nutrients. 2022,
14:10.3390/nu14040823

31. Cagliero E, Levina EV, Nathan DM: Immediate feedback of HbA1c levels improves glycemic control in type 1
and insulin-treated type 2 diabetic patients. Diabetes Care. 1999, 22:1785-1789. 10.2337/diacare.22.11.1785

32. John MN, Kreider KE, Thompson JA, Pereira K: Implementation of A1C point-of-care testing: serving under-
resourced adults with type 2 diabetes in a public health department. Clin Diabetes. 2019, 37:242-249.
10.2337/cd18-0082

33. Agus MS, Alexander JL, Wolfsdorf JI: Utility of immediate hemoglobin A1c in children with type I diabetes
mellitus. Pediatr Diabetes. 2010, 11:450-454. 10.1111/j.1399-5448.2009.00635.x

34. Ceriello A, Monnier L, Owens D: Glycaemic variability in diabetes: clinical and therapeutic implications .
Lancet Diabetes Endocrinol. 2019, 7:221-230. 10.1016/S2213-8587(18)30136-0

35. Brownlee M, Hirsch IB: Glycemic variability: a hemoglobin A1c-independent risk factor for diabetic
complications. JAMA. 2006, 295:1707-1708. 10.1001/jama.295.14.1707

36. Lachin JM, Bebu I, Bergenstal RM, Pop-Busui R, Service FJ, Zinman B, Nathan DM: Association of glycemic
variability in type 1 diabetes with progression of microvascular outcomes in the diabetes control and
complications trial. Diabetes Care. 2017, 40:777-783. 10.2337/dc16-2426

37. Vigersky RA, McMahon C: The relationship of hemoglobin A1C to time-in-range in patients with diabetes .
Diabetes Technol Ther. 2019, 21:81-85. 10.1089/dia.2018.0310

38. Beck RW, Bergenstal RM, Cheng P, Kollman C, Carlson AL, Johnson ML, Rodbard D: The relationships
between time in range, hyperglycemia metrics, and HbA1c. J Diabetes Sci Technol. 2019, 13:614-626.
10.1177/1932296818822496

39. Beck RW, Riddlesworth TD, Ruedy K, et al.: Continuous glucose monitoring versus usual care in patients
with type 2 diabetes receiving multiple daily insulin injections: a randomized trial. Ann Intern Med. 2017,

2023 Al Hayek et al. Cureus 15(1): e33416. DOI 10.7759/cureus.33416 9 of 10

https://www.who.int/publications/m/item/diabetes-sau-country-profile-saudi-arabia-2016
https://dx.doi.org/10.1016/j.diabres.2012.10.007
https://dx.doi.org/10.1016/j.diabres.2012.10.007
https://dx.doi.org/10.2337/dc21-S006
https://dx.doi.org/10.2337/dc21-S006
https://dx.doi.org/10.22037/ijpr.2019.1100842
https://dx.doi.org/10.22037/ijpr.2019.1100842
https://www.who.int/publications/i/item/9789241598996
https://www.who.int/publications/i/item/9789241598996
https://dx.doi.org/10.1177/1932296816678263
https://dx.doi.org/10.1177/1932296816678263
https://dx.doi.org/10.2337/dci19-0028
https://dx.doi.org/10.2337/dci19-0028
https://dx.doi.org/10.1007/s00125-019-05027-0
https://dx.doi.org/10.1007/s00125-019-05027-0
https://dx.doi.org/10.4239/wjd.v11.i11.489
https://dx.doi.org/10.4239/wjd.v11.i11.489
https://dx.doi.org/10.2337/dc18-1581
https://dx.doi.org/10.2337/dc18-1581
https://dx.doi.org/10.1111/dom.12140
https://dx.doi.org/10.1111/dom.12140
https://dx.doi.org/10.4093/dmj.2015.39.4.273
https://dx.doi.org/10.4093/dmj.2015.39.4.273
https://dx.doi.org/10.2337/dc11-s206
https://dx.doi.org/10.2337/dc11-s206
https://dx.doi.org/10.1007/BF01218495
https://dx.doi.org/10.1007/BF01218495
https://dx.doi.org/10.1684/abc.2021.1680
https://dx.doi.org/10.1684/abc.2021.1680
https://dx.doi.org/10.1373/clinchem.2014.224311
https://dx.doi.org/10.1373/clinchem.2014.224311
https://dx.doi.org/10.1155/2020/2037565
https://dx.doi.org/10.1155/2020/2037565
https://dx.doi.org/10.1007/s10877-019-00255-6
https://dx.doi.org/10.1007/s10877-019-00255-6
https://dx.doi.org/10.1007/s13300-021-01126-7
https://dx.doi.org/10.1007/s13300-021-01126-7
https://dx.doi.org/10.2337/db09-1774
https://dx.doi.org/10.2337/db09-1774
https://dx.doi.org/10.3390/nu12061561
https://dx.doi.org/10.3390/nu12061561
https://dx.doi.org/10.3390/nu14040823
https://dx.doi.org/10.3390/nu14040823
https://dx.doi.org/10.2337/diacare.22.11.1785
https://dx.doi.org/10.2337/diacare.22.11.1785
https://dx.doi.org/10.2337/cd18-0082
https://dx.doi.org/10.2337/cd18-0082
https://dx.doi.org/10.1111/j.1399-5448.2009.00635.x
https://dx.doi.org/10.1111/j.1399-5448.2009.00635.x
https://dx.doi.org/10.1016/S2213-8587(18)30136-0
https://dx.doi.org/10.1016/S2213-8587(18)30136-0
https://dx.doi.org/10.1001/jama.295.14.1707
https://dx.doi.org/10.1001/jama.295.14.1707
https://dx.doi.org/10.2337/dc16-2426
https://dx.doi.org/10.2337/dc16-2426
https://dx.doi.org/10.1089/dia.2018.0310
https://dx.doi.org/10.1089/dia.2018.0310
https://dx.doi.org/10.1177/1932296818822496
https://dx.doi.org/10.1177/1932296818822496
https://dx.doi.org/10.7326/M16-2855


167:365-374. 10.7326/M16-2855
40. Danne T, Nimri R, Battelino T, et al.: International consensus on use of continuous glucose monitoring .

Diabetes Care. 2017, 40:1631-1640. 10.2337/dc17-1600
41. Gal R, Cohen N, Kruger D, et al.: A study to assess initiation of CGM outside of a clinic . Diabetes Technol

Ther. 2020, 22:A-40.
42. Sofizadeh S, Imberg H, Ólafsdóttir AF, et al.: Effect of liraglutide on times in glycaemic ranges as assessed by

CGM for type 2 diabetes patients treated with multiple daily insulin injections. Diabetes Ther. 2019,
10:2115-2130. 10.1007/s13300-019-00692-1

43. Zheng X, Qi Y, Bi L, et al.: Effects of exercise on blood glucose and glycemic variability in type 2 diabetic
patients with dawn phenomenon. Biomed Res Int. 2020, 2020:6408724. 10.1155/2020/6408724

44. Vianna AG, Lacerda CS, Pechmann LM, et al.: Improved glycaemic variability and time in range with
dapagliflozin versus gliclazide modified release among adults with type 2 diabetes, evaluated by continuous
glucose monitoring: a 12-week randomized controlled trial. Diabetes Obes Metab. 2020, 22:501-511.
10.1111/dom.13913

45. Peng HM, Deng HR, Zhou YW, et al.: [Impacts of glycemic variability on the relationship between time in
range and estimated glycated hemoglobin in patients with type 1 diabetes mellitus]. Zhonghua Yi Xue Za
Zhi. 2022, 102:1190-1195. 10.3760/cma.j.cn112137-20211009-02236

46. Liu H, Yang D, Deng H, et al.: Impacts of glycemic variability on the relationship between glucose
management indicator from iPro(™)2 and laboratory hemoglobin A1c in adult patients with type 1 diabetes
mellitus. Ther Adv Endocrinol Metab. 2020, 11:2042018820931664. 10.1177/2042018820931664

2023 Al Hayek et al. Cureus 15(1): e33416. DOI 10.7759/cureus.33416 10 of 10

https://dx.doi.org/10.7326/M16-2855
https://dx.doi.org/10.2337/dc17-1600
https://dx.doi.org/10.2337/dc17-1600
https://scholarlycommons.henryford.com/endocrinology_mtgabstracts/21/
https://dx.doi.org/10.1007/s13300-019-00692-1
https://dx.doi.org/10.1007/s13300-019-00692-1
https://dx.doi.org/10.1155/2020/6408724
https://dx.doi.org/10.1155/2020/6408724
https://dx.doi.org/10.1111/dom.13913
https://dx.doi.org/10.1111/dom.13913
https://dx.doi.org/10.3760/cma.j.cn112137-20211009-02236
https://dx.doi.org/10.3760/cma.j.cn112137-20211009-02236
https://dx.doi.org/10.1177/2042018820931664
https://dx.doi.org/10.1177/2042018820931664

	Comparison of Point-of-Care and Laboratory Glycated Hemoglobin A1c and Its Relationship to Time-in-Range and Glucose Variability: A Real-World Study
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Study design
	Eligibility criteria
	Study objectives and data collection
	Statistical analysis

	Results
	Characteristics of the patients
	TABLE 1: Baseline demographic and DM-related characteristics among the study population.
	TABLE 2: Glycated hemoglobin A1c (HbA1c) and flash glucose monitoring (FGM) measures among the study population.

	Correlation analysis
	TABLE 3: The correlation between HbA1c (POCT-HbA1c versus Lab HbA1c), TIR, and GV.
	FIGURE 1: Scatter plot of the correlation between (a) Lab-HbA1c, TIR, and GV and (b) POCT-HbA1c, TIR, and GV.

	Regression analysis
	TABLE 4: Linear and multivariate regression analyses for the association among laboratory HbA1c, POCT-HbA1c, TIR, and GV.


	Discussion
	Conclusions
	Appendices
	FIGURE 2: Scatter plot of the correlation between Lab-HbA1c and POCT-HbA1c.

	Additional Information
	Disclosures
	Acknowledgements

	References


